Abstract. The aim of this study was to investigate the expression of Runt box 3 (RUNX3) and aplasia Ras homolog member I (ARHI) in ovarian tumors, and the effects of histone deacetylase inhibitors (HDACIs) on the expression of these genes and the growth of ovarian cancer cells. The mRNA expression of the RUNX3 and ARHI genes in normal ovaries and ovarian tumors was determined using reverse transcription polymerase chain reaction (RT-PCR). The effects of HDACIs on RUNX3 and ARHI expression in four ovarian cancer cell lines (SKOV3, A2780, COC1 and OC3) were determined using RT-PCR and the MTT assay. The expression of RUNX3 and ARHI in normal ovarian cells was 86 and 100%, respectively. Although the two genes were downregulated in ovarian tumors, the extent of downregulation differed. The expression of RUNX3 and ARHI was correlated with the degree of tumor malignancy (P<0.05). ARHI was expressed in all four ovarian cancer cell lines, whereas RUNX3 was expressed only in the OC3 cell line. Treatment with HDACIs upregulated the expression of ARHI and RUNX3 in the SKOV3 cell line only. In A2780 cells, HDACIs upregulated ARHI expression only in the presence of trichostatin A (TSA) plus cisplatin. HDACIs induced significant apoptosis in ovarian cancer cells, which was inversely correlated with the concentration and duration of treatment (P<0.05). In conclusion, RUNX3 and ARHI were shown to be expressed in normal ovarian cells; however, their expression was downregulated or lost in ovarian tumor cells. The combined detection of ARHI and RUNX3 expression may offer improved prediction and monitoring of ovarian malignancies. HDACIs were revealed to inhibit the growth of ovarian tumor cells and may constitute a novel therapeutic option for ovarian tumors.
Introduction
Mortality due to ovarian cancer is higher in the urban areas of China compared with the rural areas. Thus, the early diagnosis and treatment of ovarian cancer is a priority in China. Chemotherapy is the standard treatment for ovarian cancer; however, the resistance of cancer cells to chemotherapeutic drugs leading to relapsed and refractory disease is a major concern. The activation of cellular oncogenes and inactivation of tumor suppressor genes are the primary causes of cancer development; therefore, these are the main topics in tumor research (1) (2) (3) (4) .
The tumor suppressor gene Runt box 3 (RUNX3) belongs to the RUNX transcription factor family and is located on human chromosome 1 in the p36.1 region. It contains ≥5 exons and is the downstream target of the transforming growth factor-β (TGF-β)-mediated signal transduction pathway (4) . RUNX3 expression has been shown to be downregulated in various malignant tumors (5) . The main mechanisms attributed to its downregulation are promoter methylation and loss of heterozygosity. Although the effect of promoter CpG island methylation on the expression of RUNX3 has previously been investigated, there are no studies on the effect of histone acetylation on the expression of RUNX3 (4, 5) . Multiple transcript variants encoding different isoforms have been identified for this gene, which has been shown to interact with other transcription factors. Aplasia Ras homolog member I (ARHI), another tumor suppressor gene, is a Ras-related small G-protein with a novel N-terminal extension that inhibits the growth of ovarian and breast tumor cells (1, 2) . It is located on chromosome 1 in the p3l region (3) . The increased expression of transcription inhibition factors and polyadenylation of histone deacetylases (HDACs) have been shown to affect the expression of ARHI in tumors (1) (2) (3) (4) (5) .
HDAC inhibitors (HDACIs) are a new class of chemotherapeutic drug that effectively inhibit histone deacetylase activity and simultaneously promote histone and non-histone protein acetylation (4, (6) (7) (8) . HDACIs regulate the expression and degradation of tumor targeting and apoptosis-related proteins. HDACIs also activate apoptotic signaling pathways at the transcriptional and post-translational levels. Therefore, HDACIs are capable of inducing the apoptosis of tumor cells. HDACs, in association with transcription factors E2F1 and E2F4 (as complexes), are important in downregulating ARHI expression. Although previous studies have demonstrated a low expression of ARHI in ovarian tumors, the association of ARHI expression with tumor staging and histological typing has not been previously investigated.
In the present study, the expression of the tumor suppressor genes RUNX3 and ARHI in ovarian tumor tissues was investigated, and the association between the occurrence and development of ovarian malignant tumors was determined. The two genes are located on the same chromosome within the same sites. We aimed to investigate whether they exhibit a synergistic effect in ovarian tumor suppression. To assess the effect of HDACIs on ovarian cancer cell growth, RUNX3 and ARHI expression in ovarian cancer cell lines treated with the HDACI and trichostatin A (TSA) (5,9,10), together with cisplatin as a positive control was determined.
Material and methods
Clinical samples. Following a review of the inpatient registry between 2008 and 2011, fresh ovarian tissue specimens from 77 subjects (age range, 17-89 years; mean age, 42 years) were obtained from four different locations; the Shandong Provincial Hospital (Ji'nan, China), the Qilu Hospital (Ji'nan, China), the Ji'nan Central Hospital (Ji'nan, China) and the Tai'an Central Hospital (Tai'an, China). Among these, there were 15 normal ovarian tissue specimens, 13 cases of ovarian benign tumors (serous cystadenoma, 7 cases; mucinous cystadenoma, 2 cases; follicular cyst, 1 case; ovarian endometriosis cyst, 1 case; theca cell tumor, 1 case; benign teratoma, 1 case), 6 cases of borderline ovarian tumors (serous, 3 cases; mucinous, 1 case; Brenner tumor, 2 cases) and 43 cases of malignant ovarian tumors. Clinicopathological staging of the tumors was performed according to the International Federation of Gynecology and Obstetrics (FIGO) classification (11) . The histological type and degree of differentiation of the tumors were determined as previously described (11) . The obtained specimens were stored in a refrigerator at -80˚C until RNA extraction. The study was approved by the ethics committee of Tai'an Central Hospital, Tai'an, China, and written informed consent was obtained from all patients. Cell culture. All the ovarian cancer cell lines (OC3/taxol, SKOV3, A2780 and COC1) used in this study were obtained from highly malignant ovarian tumor cells, including serous and mucinous types, which are internationally accepted representative ovarian cancer cell lines. OC3/taxol, SKOV3 and A2780 cells were grown in adherent cultures and COC1 cells were grown in a suspension culture. All the cell lines were cultured in RPMI-1640 supplemented with 10% calf serum, 100 U/ml penicillin and 0.1 mg/ml streptomycin. Cell culture maintenance and drug intervention experiments were performed at 37˚C in an incubator with 5% CO 2 under saturated humidity.
Determination of cell growth inhibition. When the cultures reached an exponential growth phase, the adherent cells were digested with trypsin and made into single-cell suspensions. The cell suspensions were centrifuged and the cell concentration was adjusted to 5x10 4 cells/ml. The cells were then seeded in 96-well plates which were purchased from Yubo Biological Engineering Materials, Co., Ltd (Shanghai, China) (100 µl of cell suspension/well) and after 24 h, the cells were either treated with cisplatin or TSA (drug-treated group) or left untreated (control group). A blank control was also prepared with cell culture medium alone. TSA was used at concentrations of 100, 200, 300 and 400 nmol/l, and cisplatin at concentrations of 10, 20, 40, 80 and 200 µmol/l. Following 24 and 48 h of incubation with the drug, the culture plates were centrifuged to obtain the supernatants. RPMI-1640 (Invitrogen) and MTT ((Shandong Biological Engineering Materials, Co., Ltd, Jinan, China) solution were added to the supernatants and these were incubated for 4 h under the same conditions. The culture fluid was then extracted and treated with dimethyl sulfoxide (DMSO) prior to low-speed oscillations of the solution for 10 min. The absorbance of the samples was read at 492 nm using an ELISA plate reader (Matsu Yoshi Equipment Co. Ltd, Chengdu, China). A reference wavelength of 620 nm was used for background correction.
Reverse transcription (RT)-PCR.
Approximately 100 mg of tissue specimen was homogenized in guanidium thiocyanate (GIT) solution to lyse the cells. For RNA extraction from the cultured cells, drug-treated cells in the logarithmic growth phase were used. The total cellular RNA was extracted using TRIzol™ reagent, after which the concentration and purity of the extracted RNA were determined. First-strand cDNA synthesis was performed with the First-Strand RevertAid™ cDNA Synthesis kit (Invitrogen), using 3 µl of total RNA and oligo(dT) primers (Shanghai Shenergy Gambling company, Shanghai, China). The quantitative PCR reaction mixture included 2 µl of cDNA and 48 µl of reaction mix with Taq DNA polymerase and a pair of primers. The specific primer sequences used for ARHI were forward, 5'-TCTCTCCGAGCAGCGCA-3' and reverse, 5'-ATCTTCCTGTGGGGCTTGAAGG-3'. The PCR conditions were as follows: a total of 35 cycles, with each cycle consisting of denaturation at 95˚C for 5 min and 95˚C for 45 sec, annealing at 60˚C for 45 sec and elongation at 72˚C for 45 sec, followed by extension at 72˚C for 7 min. The primer sequences used for RUNX3 were forward, 5'-TGGCAGGCAATGACGA-3' and reverse, 5'-TGGCAGGCAATGACGA-3'; the PCR conditions were as follows: a total of 35 cycles , with each cycle performed at 94˚C for 1 min, 56˚C for 45 sec and 72˚C for 1 min. All the strips were analyzed and the relative content of ARHI and RUNX3 mRNA was calculated using an automatic gel electrophoresis software (Shanghai Jiapeng Technology Co., Ltd, Shanghai, China).
Statistical analysis. Analyses were performed using the Stata 8.0 software. The mean ± standard deviation (SD) was used for descriptive analyses. The Kruskal-Wallis (KW) test and analysis of variance were used to assess the differences in means among the groups. Multiple comparisons between any two groups were performed using the Student-Newman-Keuls (SNK) test. P<0.05 was considered to indicate a statistically significant difference.
Results

RUNX3 and ARHI are downregulated in ovarian tumor tissue.
The frequency of RUNX3 mRNA expression was 86% among the normal ovarian tissue specimens, with only 2 of the 15 specimens showing a gene deletion and an average expression level of 0.18±0.08 ng/l. Furthermore, RUNX3 mRNA was expressed in 5/13 benign tumor tissues, with an average expression level of 0.11±0.02 ng/l, and in 2/6 borderline tumor tissues (positive rate of expression, 33%), with an average expression level of 0.07±0.0028 ng/l. Among the malignant tumor tissues, the RUNX3 gene deletion rate was estimated to be 86% and ARHI gene expression was observed in only 6/43 malignant tumor tissues, with an average expression level of 0.01±0.0035 ng/l.
ARHI mRNA was strongly expressed in the majority of normal ovarian tissues, with an average expression level of 0.23±0.02 ng/l. ARHI mRNA expression was observed in 9/13 benign tumor tissues; the positive rate of expression was 69% and the average expression level was 0.13±0.08 ng/l. ARHI mRNA was also expressed in 3/6 borderline tumor tissues, with an average expression level of 0.08±0.00058 ng/l, and in 17/43 malignant tumor tissues, with a positive expression rate of 39.5% and an average expression level of 0.01±0.06 ng/l.
The mRNA expression of RUNX3 and ARHI in three types of tumor tissues was significantly lower compared with that in normal ovarian tissues (P<0.01). RUNX3 mRNA expression was significantly higher in benign tumors when compared with malignant tumors (P<0.05). The differences in ARHI mRNA expression between benign and borderline tumors, and borderline and malignant tumors were not statistically significant (P>0.05). However, the differences in RUNX3 mRNA expression between borderline and malignant tumors, and benign and malignant tumors were significant (P<0.05).
Association of mRNA expression with clinicopathological characteristics of malignant ovarian tumors. In the present study, ovarian tumor tissues were categorized according to histological type. The results showed that the positive rate of ARHI gene expression in ovarian endometrioid carcinoma (22.2%) was lower compared with the serous (43.7%), mucinous (50%) and other types (33%) of tumors. However, there was no significant difference in RUNX3 mRNA expression among the four histological tumor types (P>0.05). ARHI mRNA expression levels were negatively associated with ovarian cancer clinicopathological staging (P<0.01). Multiple comparison tests showed that the difference in ARHI mRNA expression between stage I and other cancer stages was not statistically significant (P>0.05). However, the differences in ARHI mRNA expression between stages II, III and IV, and between stages III and IV were statistically significant (P<0.05).
RUNX3 mRNA expression among the four histological ovarian tumor types was not significantly different (P>0.05). Furthermore, RUNX3 mRNA levels were negatively associated with ovarian cancer clinicopathological staging (P<0.01). Finally, the difference in ARHI and RUNX3 mRNA expression was statistically significant in malignant tumors (P<0.05), but not in other histological types of tumors (Tables I and II) .
Growth inhibitory effect of TSA on ovarian cancer cells.
The growth inhibition rates of various concentrations of TSA and cisplatin for the four types of ovarian cancer cell lines used in this study are provided in Table III . As shown in Table III , various concentrations of TSA inhibit cell growth and the rate of cell growth inhibition increases with increasing TSA concentration (P<0.01). The growth inhibition rates were clearly increased with the application of 300 nmol/l TSA. Furthermore, inhibition rates increased with longer treatment durations. The rate of TSA-mediated growth inhibition was not significantly different among the four cell types (P>0.05). Cisplatin also inhibited the growth of ovarian tumor cells; the growth inhibition rate and cisplatin concentration/duration of treatment were shown to be correlated (P<0.05). The growth Table II . ARHI and RUNX3 expression in malignant ovarian tumors. inhibition rate of OC3 cells was the lowest and there was no significant difference in the growth inhibition rates of the remaining three cell lines, SKOV3, A2780 and COC1 (P>0.05).
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The TSA-and cisplatin-mediated inhibition of ovarian cancer cells was compared and the overall distribution of the differences was not identified to be statistically significant (P>0.05).
Re-expression of RUNX3 and ARHI is achieved in HDACI-treated ovarian cells. RUNX3 was minimally
expressed in all the ovarian cancer cell lines tested, with the exception of the OC3 cell line. The ovarian cancer cell lines SKOV3, A2780, COC1 and OC3 expressed endogenous ARHI in markedly small amounts and were used to assess the effect of HDACI-mediated ARHI re-expression in cell cultures. Treatment with 250 nmol/l TSA and 80 µmol/l cisplatin, which are close to their 50% inhibitory concentration (IC 50 ), led to significant changes in ARHI and RUNX3 expression in the four ovarian cancer cell lines; ARHI and RUNX3 were re-expressed in SKOV3 cells following TSA treatment. In A2780 and COC1 cells, neither TSA nor cisplatin affected the expression of ARHI. However, the re-expression of ARHI was detected when cells were treated with a combination of TSA and cisplatin, particularly in A2780 cells.
Discussion
Based on recent studies, the crude death rate due to ovarian cancer is ~1.45/100,000 cases, which is ranked 12th of all the types of cancer and accounts for 1.45% of all the cancer sites in females (1, 8, 10) . A number of ovarian cancer patients were admitted to hospital and presented with a large pelvic mass, ascites and bowel complications. Although surgical resection is an option, it rarely has satisfactory results, which seriously affects patient survival. Thus, the early diagnosis and treatment of ovarian cancer are key factors in improving prognosis. The expression of an imprinted gene is determined by the contributing parent. An imprinted gene does not obey Mendel's laws of inheritance, but relies on single-transfer phenomena of genetic traits; for example, certain genes show parent-of-origindependent monoallelic expression and certain alleles are weakly expressed or not expressed at all. The loss of heterozygosity or mutational inactivation leads to the loss of gene expression (4, (12) (13) (14) . RUNX3 and ARHI are located on human chromosome 1 in the 1p36.1 and 1p31 regions, respectively. RUNX3 is a member of the RUNX3 family of Runt-related transcription factors and is also known as polyomavirus enhancer-core binding protein 2/core binding factor (PEBP2/CBF). It is an important target of the TGF-β signaling pathway. RUNX3 has been reported to be a tumor suppressor gene that is involved in the regulation of cell growth, development, apoptosis and cell signal transduction. Additional biological effects are known to be important in its transcriptional regulation. Examples of such mechanisms are CpG island methylation of its P2 promoter region and loss of heterozygosity, which lead to RUNX3 silencing. ARHI is a newly discovered paternal-derived imprinted tumor suppressor gene and is considered to be involved in cell cycle regulation and cell signal transduction, resulting in a negative regulatory effect on growth and development (15, 16) .
In the present study, ARHI and RUNX3 were shown to be widely expressed in normal ovarian tissue, while they were markedly downregulated in ovarian tumors. Consequently, the loss of function of these genes is likely to be one of the most crucial events in the development of ovarian cancer. Our results suggest that the expression of tumor suppressor genes and tumor formation and progression are closely linked. The deletion rates of ARHI were 31 and 50% in benign and borderline tumor tissues, respectively; however, the deletion rate of ARHI was as high as 61% in malignant tumors. The deletion rate of RUNX3 was 14% in normal ovarian tissues; however, this was increased to 61% in benign and 86% in malignant tumors. Even in tumor tissues with positive RUNX3 expression, the average expression was lower compared with that in normal ovarian tissues. RUNX3 expression was detected in only 4/17 ARHI-positive malignant tumors. By contrast, ARHI expression was detected in 4/6 RUNX3-positive malignant tumors; significant differences were identified using single factor analysis of variance. Furthermore, we also compared ARHI and RUNX3 expression in different clinical stages and histological types of ovarian tumors. The expression of these tumor suppressor genes clearly decreased with the increasing degree of tumor malignancy. The various malignant tumors were compared based on their histological types and the deletion rate of RUNX3 in endometrioid Table III . Rate of cell growth inhibition caused by treatment with various concentrations of trichostatin A (TSA) and cisplatin in the four types of ovarian cancer cells. carcinoma was the highest (87.5%), which was significantly higher compared with the average rate of gene loss in other malignant tumors. This may be associated with the low volume in the endometrium. The present study further confirmed that the re-expression of ARHI or RUNX3 induced autophagy in breast or gastric cancer cells and enhanced the inhibitory effects of cisplatin. Thus, the activation of RUNX3 and ARHI activation may be used as a novel therapeutic strategy in ovarian cancer. In the present study, the effects of the loss of ARHI and RUNX3 expression in ovarian cancer tissues were investigated. Multiple mechanisms may contribute to the downregulation of ARHI and RUNX3 expression (16) (17) (18) . Histone acetylation is one of the important factors affecting this process. It has been reported that acetylation of histone H3 is significantly decreased in cancer epithelial cells compared with normal epithelial cells, which may affect the normal transcription process (14) . According to a study by Weber et al (2) , ARHI mRNA was strongly expressed in normal thyroid cells and weakly expressed in follicular thyroid cancer cells (P=0.0018); HDACIs were also shown to increase ARHI expression in FICB3 cells. TSA is a specific HDACI that not only activates the expression of ARHI, but also upregulates the expression of Von Hippel-Lindau and p53 genes. Furthermore, TSA downregulates the expression of the hypoxia-inducible factor 1 and vascular endothelial growth factor (14, 15) . The results of the present study showed that the application of 300 nmol/l TSA significantly inhibited the growth of all four ovarian cancer cell lines (P<0.01). Following treatment with an IC 50 concentration of TSA (250 nmol/l) for 48 h, ARHI mRNA expression in SKOV3 cells was significantly increased compared with that in the negative control (P<0.01), as indicated by RT-PCR analysis. Cisplatin alone (concentration, 80 µm/l) also had a significant inhibitory effect on the growth of ovarian tumors. However, the growth inhibition rate of cisplatin-treated OC3 cells was lower compared with that of the remaining three cell lines. Conversely, there was no significant difference in the growth inhibition rate of the four types of TSA-treated ovarian tumor cells. Thus, the present study demonstrated the growth inhibitory effect of TSA on drug-resistant ovarian tumor cells.
Aberrant DNA methylation and decreased histone acetylation lead to the abnormal expression of ARHI and RUNX3 in tumors. Previous studies have investigated demethylation inhibitors in different tumor tissues to restore ARHI and RUNX3 expression. The results showed that the rate of tumor growth was decreased and apoptosis was accelerated. Whether cancer cells die during apoptosis may depend on the levels of ARHI and RUNX3. This study revealed that the activation of these genes by TSA resulted in the increased apoptosis of ovarian tumor cells. A previous study demonstrated that vorinostat (SAHA) effectively inhibits the growth of human pancreatic cancer cells through the activation of the malignant phenotype-related genes caspase-9 and -3, thus inducing apoptosis (17) .
RUNX3 and ARHI are essential for the induction of ovarian cancer cell death. In the present study, the two tumor suppressor genes were re-expressed by TSA treatment and ovarian cancer cell growth was significantly inhibited; this may also be associated with the upregulation of additional silenced genes. This suggests that mechanisms other than the re-expression of ARHI and RUNX3 may also be involved in the growth inhibition of ovarian cancer cells. RUNX3 and ARHI have clear synergistic effects, since they are both tumor suppressor genes located on the same chromosomal region and are associated with the loss of heterozygosity. The combined detection of ARHI and RUNX3 along with additional relevant genes has the potential to be a key method for the screening and early diagnosis of ovarian cancer, which may ultimately improve clinical diagnosis and treatment. Additional studies are required to further elucidate the role of ARHI and RUNX3 in the development and progression of ovarian cancer. Future studies are likely to focus on gene transfection experiments in animals to further investigate the growth inhibition of ovarian cancer cells.
